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(57) ABSTRACT 

There are provided the steps of forming a tunnel insulating 
?lm on a semiconductor substrate, forming a ?rst semicon 
ductor ?lm constituting a lower portion of a ?oating gate on 
the tunnel insulating ?lm, forming device isolation recesses 
by etching device isolation regions on the ?rst semiconduc 
tor ?lm, the tunnel insulating ?lm, and the semiconductor 
substrate, forming an device isolation insulating ?lm in the 
device isolation recesses and on the ?rst semiconductor ?lm, 
removing the device isolation insulating ?lm from an upper 
surface of the ?rst semiconductor ?lm and thinning the 
device isolation insulating ?lm on the device isolation 
recesses, growing selectively a second semiconductor ?lm 
serving as an upper portion of the ?oating gate on the ?rst 
semiconductor ?lm and growing the second semiconductor 
?lm on the device isolation insulating ?lm to extend in the 
lateral direction, forming a dielectric ?lm on the ?oating 
gate, and forming a conductive ?lm serving as a control gate 
on the dielectric ?lm. 

18 Claims, 16 Drawing Sheets 
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SEMICONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims priority of 
Japanese Patent Application No. 2001-192825, ?led in Jun. 
26, 2001, the contents being incorporated herein by refer 
ence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device 
and a method of manufacturing the same and, more 
particularly, a semiconductor device having a nonvolatile 
memory and a method of manufacturing the same. 

2. Description of the Prior Art 
The ?ash EEPROM as the Writable nonvolatile memory is 

important in the semiconductor device because of its con 
venience. As for EEPROM, a larger scale memory capacity 
and a loWer cost in unit of bit are demanded. 

In order to respond to such demands, it is important to 
proceed With the miniaturiZation of the ?ash memory cell. 
Recently it is reported that the memory cells are miniatur 
iZed by the technique of STI (ShalloW Trench Isolation) to 
isolate the elements mutually. Such technology is set forth in 
Nikkei Microdevice, March 2000, pp. 82—86, for eXample. 

The ?ash memory cell utiliZing STI makes it possible to 
proceed With the miniaturiZation While avoiding the bird’s 
beak problem caused When the device isolation structure 
formed by the LOCOS (Local Oxidation of Silicon) method 
in the prior art is utiliZed. 

The ?ash memory cell utiliZing STI may be formed by 
steps described in the folloWing, for eXample. 

First, as shoWn in FIG. 1A, a tunnel oXide ?lm 102, a ?rst 
silicon ?lm 103, and a ?rst silicon nitride ?lm 104 are 
formed sequentially on a silicon substrate 101, then a mask 
is formed in the region serving as the channel of the ?ash 
memory cell, and then device isolation recesses 105 for the 
STI are formed by etching the ?rst silicon nitride ?lm 104 
to an upper layer portion of the silicon substrate 101. 

Then, an SiO2 ?lm 106 is formed in the device isolation 
recesses 105 and on the silicon nitride ?lm 104 by the CVD 
method. Then, the SiO2 ?lm 106 is polished by the CMP 
method to remove from an upper surface of the ?rst silicon 
nitride ?lm 104 and to leave in the device isolation recesses 
105. Therefore, the device isolation recesses 105 and the 
SiO2 ?lm 106 formed therein can function as the STI. 

Then, the ?rst silicon nitride ?lm 104 is selectively 
etched. Then, as shoWn in FIG. 1B, a second silicon ?lm 107 
and a second silicon nitride ?lm 108 are formed sequentially 
on the SiO2 ?lm 106 and the ?rst silicon ?lm 103. The ?rst 
silicon ?lm 103 and the second silicon ?lm 107 are formed 
as a ?oating gate by the patterning. 

Then, as shoWn in FIG. 1C, the second silicon nitride ?lm 
108 is patterned into shapes that are separated on the device 
isolation recesses 105. In addition, a third silicon nitride ?lm 
109 is formed on the overall surface, and then this third 
silicon nitride ?lm 109 is etched by the anisotropic etching 
and is left on side Walls of the second silicon nitride ?lm 108 
as sideWall spacers. 

Then, as shoWn in FIG. 1D, the second silicon ?lm 107 is 
divided on the device isolation recesses 105 by etching the 
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2 
second silicon ?lm 107 While using the patterned second and 
third silicon nitride ?lms 108, 109 as a mask. 

Then, the second and third silicon nitride ?lms 108, 109 
are removed, and then an ONO ?lm 111 and a third silicon 
?lm 112 are formed in sequence on the overall surface. 
Then, the third silicon ?lm 112 is patterned into a shape of 
the control gate and also the second silicon ?lm 107 is 
patterned into a shape of the ?oating gate 110 (FIG. 1E). 

In steps described above, the reason for patterning the 
second silicon ?lm 107 by using the second silicon nitride 
?lm 108 and the sideWalls formed on the side Walls of the 
?lm 108 as the mask is to increase the coupling capacity 
betWeen the ?oating gate 110 and the control gate 112. 

HoWever, according to above-mentioned steps, the align 
ment of the eXposure mask used to pattern the second silicon 
nitride ?lm 108 on the second silicon ?lm 107 is needed. 
Therefore, since the displacement margin must be assured, 
such margin makes it dif?cult to proceed the further minia 
turiZation. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
semiconductor device manufacturing method capable of 
achieving the miniaturiZation of the memory cell rather than 
the prior art. 

Then, advantages of the present invention Will be 
eXplained hereunder. 

According to the present invention, the second semicon 
ductor ?lm is selectively groWn on the ?rst semiconductor 
?lm being put betWeen the device isolation insulating ?lms 
in the STI structure, and also the second semiconductor ?lm 
is groWn to eXtend over the device isolation insulating ?lm. 
In this case, the ?rst semiconductor ?lm and the second 
semiconductor ?lm serve as the ?oating gate of the ?ash 
memory cell. 

Therefore, since the area of the ?oating gate that overlaps 
With the control gate becomes Wider than the area of the 
?oating gate that contacts to the tunnel insulating ?lm, the 
higher integration of the memory cell can be achieved and 
also the nonvolatile memory cell having the high coupling 
capacitance betWeen the ?oating gate and the control gate 
can be formed. 

Since the upper portion of the ?oating gate is shaped in a 
self-aligned manner, there is no need to execute the pattern 
ing using the mask and thus the problem of positional 
displacement does not occur. Therefore, the alignment mar 
gin can be made small by such displacement and the 
reduction of the cell area can be achieved. 

Also, When the dielectric ?lm is formed on the ?oating 
gate and then the ?lm serving as the control gate is formed, 
the etching residue is hardly generated on the gentle curved 
surface of the upper surface of the control gate in patterning 
this ?lm. Thus, the Working can be made easy. 

In addition, as the result that side portions of the upper 
surface of the second semiconductor ?lm serving as the 
?oating gate are formed as the smooth curved surface, the 
?lm thickness of the dielectric ?lm, e.g., the ONO ?lm, 
formed on the upper surface of the ?oating gate becomes 
uniform, and thus the electric ?eld concentration applied to 
the dielectric ?lm can be avoided. As a result, the insulating 
Withstanding voltage betWeen the control gate and the 
?oating gate can be maintained high, and the nonvolatile 
memory With the higher reliability can be formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to IE are sectional vieWs shoWing steps of 
forming a ?ash memory cell in the prior art; 
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FIGS. 2A to 2M are perspective vieWs showing steps of 
forming a ?ash memory cell according to a ?rst embodiment 
of the present invention; 

FIGS. 3A to 3E are sectional vieWs shoWing steps of 
forming the ?ash memory cell according to the ?rst embodi 
ment of the present invention; 

FIG. 4 is a sectional vieW shoWing the ?ash memory cell 
according to the ?rst embodiment of the present invention; 

FIGS. 5A to 5E are perspective vieWs shoWing steps of 
forming a ?ash memory cell according to a second embodi 
ment of the present invention; 

FIGS. 6A to 6D are sectional vieWs shoWing steps of 
forming the ?ash memory cell according to the second 
embodiment of the present invention; and 

FIGS. 7A to 7C are perspective vieWs shoWing steps of 
forming a ?ash memory cell according to a third embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention Will be explained 
With reference to the accompanying draWings hereinafter. 
(First Embodiment) 

FIGS. 2A to 2M are perspective sectional vieWs shoWing 
semiconductor device manufacturing steps according to a 
?rst embodiment of the present invention. Also, FIGS. 3A to 
3E are sectional vieWs shoWing the semiconductor device 
manufacturing steps according to the ?rst embodiment of the 
present invention. 

First, steps required to get a structure shoWn in FIG. 2A 
Will be explained hereunder. 
A Well (not shoWn) is formed by ion-implanting the 

impurity into a predetermined region of a silicon 
(semiconductor) substrate 1. Then, a tunnel oxide ?lm 
(insulating ?lm) 2 made of SiO2 is formed on an upper 
surface of the silicon substrate 1 by the thermal oxidation 
method to have a thickness of 10 nm. 

Then, a ?rst silicon ?lm 3 made of polysilicon and serving 
as a part of the ?oating gate is groWn on the tunnel oxide ?lm 
2 by the CVD method to have a thickness of 10 nm. In this 
groWing, phosphorus is doped into the ?rst silicon ?lm 3 to 
get an impurity concentration of 0.5><102O atm/cm3, for 
example. Phosphine (PH3) is employed as the phosphorus 
doping gas. 

Then, a ?rst silicon nitride ?lm 4 of 10 nm thickness is 
groWn on the ?rst silicon ?lm 3 by the CVD method. 

Then, as shoWn in FIG. 2B, a plurality of stripe-like ?rst 
resist patterns 5 for covering device forming regions of the 
?ash memory cell are formed at a distance by coating the 
resist on the ?rst silicon nitride ?lm 4 and then exposing/ 
developing such resist. AWidth of the ?rst resist pattern 5 is 
set to 0.24 pm, for example, and a Width betWeen the ?rst 
resist patterns 5 is set to 0.32 pm, for example. 

Then, as shoWn in FIG. 2C, device isolation recesses 1a 
are formed in regions betWeen the ?rst resist patterns 5 by 
etching the ?rst silicon nitride ?lm 4, the ?rst silicon ?lm 3, 
the tunnel oxide ?lm 2, and the silicon substrate 1 While 
using the ?rst resist patterns 5 as a mask. A depth of the 
device isolation recess 1a is set to 350 nm, for example, 
from a surface of the silicon substrate 1. 

A?uorine-series gas is used as the etching gas of the ?rst 
silicon nitride ?lm 4, a chlorine-series gas is used as the 
etching gas of the ?rst silicon ?lm 3 and the silicon substrate 
1, and the ?uorine-series gas is also used as the etching gas 
of the tunnel oxide ?lm 2. 

In this case, the device isolation recesses 1a may be 
formed by removing the ?rst resist patterns 5 after the ?rst 
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4 
silicon nitride ?lm 4 is patterned While using the ?rst resist 
patterns 5 as the mask, and then etching the ?rst silicon ?lm 
3, the tunnel oxide ?lm 2, and the silicon substrate 1 While 
using patterns of the ?rst silicon nitride ?lm 4 as a mask. 

Then, the silicon substrate 1 is annealed at 900° C. in the 
oxygen atmosphere in the situation that the ?rst resist 
patterns 5 are removed. Thus, as shoWn in FIG. 2D, an SiO2 
?lm 6 of 15 nm thickness is formed along inner surfaces of 
the device isolation recesses 1a. 

Then, as shoWn in FIG. 2E, an device isolation insulating 
?lm 7 made of SiO2 is formed in the device isolation 
recesses 1a and on the ?rst silicon nitride ?lm 4 by the CVD 
method to have a thickness of 700 nm. As a result, the device 
isolation recesses 1a are brought into the state that they are 
covered completely With the device isolation insulating ?lm 
7. In this case, the SiO2 ?lm 6 on the inner surface of the 
device isolation recess 1a serves as a part of the device 
isolation insulating ?lm 7. 

Then, as shoWn in FIG. 3A, the device isolation insulating 
?lm 7 is polished by the CMP (Chemical Mechanical 
Polishing) method until an upper surface of the ?rst silicon 
nitride ?lm 4 is exposed. In this case, since the ?rst silicon 
nitride ?lm 4 can function as the polishing stopper, it is easy 
to detect the end point of polishing. 

Then, as shoWn in FIG. 2F and FIG. 3B, the ?rst silicon 
nitride ?lm 4 is removed from an upper surface of the ?rst 
silicon ?lm 3 by using the hot phosphoric acid. As a result, 
the upper surface of the ?rst silicon ?lm 3 is exposed and 
also the device isolation insulating ?lm 7 left in the device 
isolation recess 1a is projected from the upper surface of the 
?rst silicon ?lm 3. 

Then, as shoWn in FIG. 2G and FIG. 3C, a second silicon 
?lm 8 made of polysilicon is selectively groWn on the ?rst 
silicon ?lm 3. As the selective groWth method, for example, 
a dichlorsilane-series gas or a mixed gas consisting of the 
dichlorsilane-series gas and a chlorine-series gas (e.g., 
hydrochloric acid) is used. The reason for using such gas 
series is that the silicon constituting dichlorsilane (SiH2Cl2) 
acts as a groWth element of the polysilicon Whereas the 
chlorine constituting dichlorsilane or the chlorine in a hydro 
chloric acid-series gas as an addition gas has an action to 
etch the silicon. Accordingly, such gas has an action of 
suppressing the nuclear groWth of the silicon on the surface 
of the device isolation insulating ?lm 7 and also an action of 
selectively groWing the second silicon ?lm 8 on the ?rst 
silicon ?lm 3. 
The second silicon ?lm 8, Which is selectively groWn in 

this manner, as Well as the ?rst silicon ?lm 3 is patterned by 
the later step to constitute the ?oating gate. 

Such selective groWth of the second silicon ?lm 8 is 
carried out by ?oWing dichlorsilane of about 400 cc, hydro 
chloric acid (HCl) of about 0 to 200 cc, and hydrogen (H2) 
of about 14.6 liter, for example, into the CVD atmosphere as 
the groWth gas, setting the groWth temperature to 850 to 
900° C., setting the pressure in the CVD atmosphere to about 
1330 Pa, and ?oWing the phosphine as the dopant. As a 
result, the second silicon ?lm 8 containing the phosphorus at 
the impurity concentration of 0.5><102O atm/cm3 is groWn on 
the ?rst silicon ?lm 3 to have a thickness of 100 nm. 
As another example of the conditions to achieve the 

similar groWing effect, such a condition may be listed that 
the groWth temperature and the groWth atmospheric pressure 
are set to 700 to 900° C. and 2660 to 6650 Pa respectively 
and SiH2Cl2, HCl, and H2 are supplied to the groWth 
atmosphere as the groWth gas by 100 cc, 110 cc, and 20 liter 
respectively, or that the groWth temperature and the groWth 
atmospheric pressure are set to 630 to 760° C. and 133 Pa 
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respectively and SiH2Cl2 and HCl are supplied to the growth 
atmosphere as the growth gas by 30 to 150 cc, 10 to 50 cc, 
and 5 liter respectively. 

Also, the silicon may be selectively groWn by using 
monosilane (SiH4). In this case, for example, the silicon may 
be groWn by the ultra high vaccum (UHV) CVD in Which 
the pressure in groWing is extremely reduced and, for 
example, such a condition may be set that the pressure and 
the groWth temperature are set to 0.1 Pa and 600° C. 
respectively and SiH4, HCl, and H2 are supplied to the 
groWth atmosphere as the groWth gas by 30 to 150 cc, 10 to 
50 cc, and 5 liter respectively. In addition, as another 
method, the silicon may be selectively groWn by the ECR 
plasma CVD method. In this case, for example, the groWth 
temperature is set to 225° C. and SiH4 and H2 are used as the 
reaction gas. 

The silicon may be selectively groWn While doping the 
impurity such as phosphorus, etc. But the impurity may be 
doped into the undoped silicon by the ion-implantation 
method after such undoped silicon has been selectively 
groWn. 

MeanWhile, according to the above silicon groWth 
conditions, there exists the selectivity such that the silicon is 
easily groWn on the ?rst silicon ?lm 3 but the silicon is 
dif?cult to groW on the device isolation insulating ?lm 7. 
Therefore, the second silicon ?lm 8 is additionally groWn 
only on the exposed surface of the ?rst silicon ?lm 3. 

Also, in the groWing process of the second silicon ?lm 8, 
the second silicon ?lm 8 starts to groW in the lateral direction 
and expands over the device isolation insulating ?lm 7 at a 
point of time When the second silicon ?lm 8 becomes higher 
than the device isolation insulating ?lm 7. Here, since a 
groWth ratio of the lateral direction to the longitudinal 
direction is about 0.9, the second silicon ?lm 8 is groWn to 
expand from the edge of the device isolation region to the 
center by about 80 nm if such second silicon ?lm 8 is formed 
to project from the upper surface of the device isolation 
insulating ?lm 7 by about 90 nm. Also, the upper surface of 
the second silicon ?lm 8 expanding on the device isolation 
insulating ?lm 7 is rounded and smoothly inclined. 

In addition, in case the patterns are formed by etching the 
silicon ?lm, 

The second silicon ?lm 8, Which is selectively groWn as 
described above, has the planar shape that is separated in 
plural along the centers of the device isolation insulating 
?lms 7. 

In turn, as shoWn in FIG. 2H and FIG. 3D, an ONO ?lm 
9 is formed as a coupling dielectric ?lm on the second 
silicon ?lm 8 and the device isolation insulating ?lms 7. This 
ONO ?lm 9 is formed by forming sequentially an SiO2 ?lm 
of 6 nm thickness and a silicon nitride ?lm of 8.5 nm 
thickness by virtue of the CVD method and then annealing 
the silicon nitride ?lm at the temperature of 950° C. for 6 
hours in the oxygen atmosphere. 

Then, although not particularly illustrated, the ONO ?lm 
9 and the silicon ?lms 3, 8 in regions that are not covered 
With resist, e.g., peripheral circuit regions are removed by 
the dry etching While covering ?ash memory cell regions of 
the ONO ?lm 9 With the resist, and then the tunnel oxide ?lm 
2 is Wet-etched by the hydro?uoric acid, Whereby the upper 
surface of the silicon substrate 1 is exposed in the regions 
that are not covered With the resist. Then, the ONO ?lm 9 is 
exposed in the ?ash memory cell regions by removing the 
resist, and the silicon substrate 1 is exposed in remaining 
regions, e.g., transistor forming regions of the peripheral 
circuit regions. 

After this, a gate oxide ?lm (not shoWn) of 15 nm 
thickness is formed by thermally oxidiZing the surface of the 
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6 
silicon substrate 1 in the transistor forming regions of the 
peripheral circuit regions, etc. In this case, the oxidation of 
the second silicon ?lm 8 in the ?ash memory cell regions is 
prevented With the ONO ?lm 9. 

Then, as shoWn in FIG. 21 and FIG. 3E, an undoped and 
polysilicon third silicon ?lm 10 of 150 nm thickness and a 
second silicon nitride ?lm 11 of 20 nm thickness are groWn 
sequentially over the silicon substrate 1 by the CVD method. 
As described later, the impurity is introduced into the third 
silicon ?lm 10 When such impurity is ion-implanted to form 
the impurity diffusion layer in the silicon substrate 1. 

Then, as shoWn in FIG. 2], resist patterns 12 each has a 
planar shape of a stack gate having a Width of 0.16 pm are 
formed by coating the resist on the second silicon nitride 
?lm 11 and then exposing/developing this resist. 

Then, the second silicon nitride ?lm 11, the third silicon 
?lm 10, the ONO ?lm 9, and the ?rst and second silicon 
?lms 3, 8 are etched sequentially by using the resist patterns 
12 as a mask. In this etching, regions other than the ?ash 
memory cell regions are covered With the resist. 

Accordingly, as shoWn in FIG. 2K, the third silicon ?lm 
10 serves as the control gate CG of the ?ash memory cell, 
and the silicon ?lms 3, 8 left under the control gate CG have 
the shape of the ?oating gate FG. FIG. 2K shoWs the state 
that the resist patterns 12 are removed. 
A Width of the ?oating gate FG is narroW at its loWer 

portion and is Wide at its upper portion, as described above. 
The Width of its loWer surface that contacts to the tunnel 
oxide ?lm 2 is 0.24 pm, for example, and the Width of its 
portion that is higher than the device isolation insulating 
?lms 7 is about 0.4 pm at its maximum. Accordingly, the 
?oating gate FG has the higher coupling ratio to the control 
gate CG. 

Then, a gate electrode (not shoWn) made of the third 
silicon ?lm 10 is formed by patterning the second silicon 
nitride ?lm 11 and the third silicon ?lm 10, that exist in the 
peripheral circuit regions, for example. In this patterning, the 
?ash memory cell regions are covered With the resist. 

In the state that regions except the ?ash memory cell 
regions are covered With the resist, impurity diffusion layers 
13a, 13b serving as the source/drain regions are formed by 
implanting the arsenic ion (As+) into the silicon substrate 1 
on both sides of the ?oating gate FG at the acceleration 
energy of 40 keV and a dosage of 1.0><1015/cm2. 

Then, the thermal oxidation ?lm (not shoWn) of 5 nm is 
formed by thermally oxidiZing the exposed surface of the 
silicon substrate 1 in the state that the resist is removed 
completely. Then, in order to form the LDD impurity 
diffusion layers of the n-type MOS transistor in the periph 
eral circuit region, the phosphorus ion (P") is implanted into 
the silicon substrate 1 on both sides of the gate electrode (not 
shoWn) in the peripheral circuit region at the acceleration 
energy of 30 keV and a dosage of 4.0><1013/cm2. In turn, in 
order to form the LDD impurity diffusion layers of the 
p-type MOS transistor in the peripheral circuit region, the 
boron ?uoride ion (BF2+) is implanted into the silicon 
substrate 1 on both sides of another gate electrode (not 
shoWn) at the acceleration energy of 80 keV and a dosage of 
4.0><1013/cm2. In introducing the impurity into the periph 
eral circuit region, the ?ash memory cell regions are covered 
With the resist. The resist is removed after the impurity ion 
implantation is completed. Also, the individual ion 
implantation of the p-type impurity and the n-type impurity 
is executed by using the resist. 

Next, steps required to get the state shoWn in FIG. 2L Will 
be explained hereunder. 

First, the SiO2 ?lm of 15 nm thickness and the silicon 
nitride ?lm of 115 nm thickness are groWn sequentially on 










